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ABSTRACT  
Whenever molecules adsorb on metal surfaces, they might form a variety of different surface polymorphs, either in 
thermodynamic equilibrium, or kinetically trapped. The influence of this surface polymorphism on interface prop-
erties is a priori unknown. In this work we employ a combination of first-principles calculations and machine 
learning to investigate the influence of the polymorphism on the range of interface work functions that various 
material combinations can assume. For this, we perform a full theoretical structure search on three physically dis-
tinct model systems: We start with the hardly interacting naphthalene, which adsorbs flat on the surface, continue 
with a homologous series of acenequinones, which also adsorb flat but undergo charge transfer reactions, and finally 
investigate tetracyanoethylene, which undergoes a phase transition from lying to standing polymorphs on the 
Cu(111) surface. Employing ab initio thermodynamics, we also show the work function changes obtainable at ther-
modynamic equilibrium for different temperatures. Our thorough investigations indicate that flat lying molecules 
exhibit polymorphism-induced work function changes of a few hundred meV while re-orientation can lead to work 
function changes of several eV.  
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A big contribution to the device performance of organic electronic devices is given by the charge injection barriers 
from the inorganic contact into the organic active material.1–3 In a simple picture, these are given by the electronic 
level alignment, i.e. the offset between the transport levels of the active material and the work function of the 
electrode, ϕ.3 An efficient way to improve the efficiency of organic devices, therefore, is to modify ϕ. For metal 
electrodes, this can be done via the application of so-called charge-injection layers,1,4–6 e.g. organic molecules that 
introduce a dipole above the metal surface.  
A major challenge of this approach, however, is that organic molecules show extensive polymorphism, with differ-
ent polymorphs often exhibiting strongly different properties. A prime example of this behavior is pentacene, for 
which 5 different phases (at multiple surfaces) with strongly differing charge-carrier mobilities are known.7–11 
Which structure forms in an actual experiment depends heavily on the processing conditions. Even when nominally 
very similar conditions are employed, the outcome can differ considerably: Here, a classical example is PTCDA on 
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Ag(111), for which different groups obtained work functions differing by approx. 200 meV12,13 (although it has not 
yet been confirmed whether this is due to polymorphism or other sources). This may be because physical vapor 
deposition frequently leads to kinetically trapped phases.14 Even when this is not the case, the energy differences 
between different polymorphs are so small that multiple structures may be thermally occupied. So far, little is 
known about the magnitude of this effect, i.e. how much the work function of different (kinetically trapped or 
thermally occupied) polymorphs differ.  
In this work, we employ a combination of dispersion-corrected density functional theory (DFT) and machine learn-
ing to systematically investigate the dependence of the work function of metal/organic interfaces on the structure 
the molecular layers assume, mapping out the possible polymorphs (almost) comprehensively. We discuss both, the 
case of kinetic trapping and the impact of temperature. For a broad overview, we consider three different material 
classes: Our discussion starts with naphthalene on Cu(111), a system that is only weakly interacting but is well 
known to exhibit pronounced polymorphism.15–17 As second class, we discuss the behavior of three differently-
sized acenequinones on Ag(111). These molecules undergo a charge-transfer reaction with the substrate. At the 
same time, all three exhibit diverse structures with different packing densities on the Ag(111) surface.18 Finally, we 
investigate the situation for tetracyanoethylene (TCNE) on Cu(111). This molecule also undergoes a charge-transfer 
reaction, but can adsorb in two different states (either flat-lying or upright-standing)19 which have also been ob-
served experimentally.20 As we will see in this work, this re-orientation has a quite profound impact on the relation 
between polymorphism and F. 
 
Figure 1: Molecules and substrates used for this study. From left to right: para-benzoquinone (B2O), 2,7-anthraqui-
none (A2O) and 3,10-pentacenequinone (P2O) on a Ag(111) surface, and tetracyanoethylene (TCNE) and naphtha-
lene on a Cu(111) surface. 
As a first step, it is useful to explore the general variability of the work function for a given interface through 
investigating all possible polymorphs. This decides which work functions might be present at different temperatures 
or for kinetically trapped polymorphs. To evaluate this general variability, we comprehensively map the whole 
structural space of possible polymorphs. For this, we employ the SAMPLE approach15 to predict the adsorption 
energies and work functions for all possible polymorphs. The SAMPLE approach uses coarse graining of the local 
adsorption geometries on the substrate to make the number of possible polymorphs tractable. From the remaining 
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millions of polymorph candidates, a few hundred are chosen D-optimally21 and calculated with dispersion corrected 
density functional theory (for details see Methods). The properties of those polymorph candidates are then mapped 
to a linear model (equation 1) via Bayesian linear regression. This allows to predict the desired scalar property for 
all the millions of candidates performing calculations merely on a small subset. The model consists of a linear 
combination of single-molecule (𝑈𝑔) and pairwise interactions (𝑉𝑝 ) each multiplied with the number of occurrence 
for this specific interaction (𝑁𝑔 and 𝑁𝑝). 





We can now utilize this model to exhaustively predict the adsorption energies and work functions for all polymorph 
candidates of all systems. The results are shown in Figure 2. For the flat lying systems, the interface work functions 
vary by ~200 meV for A2O, P2O and the flat TCNE, ~ 400 meV for Naphthalene and ~600 meV for B2O. The 
larger variability of B2O is however mainly caused by energetically unfavorable structures and is therefore likely 
an artifact of too closely packed polymorph candidates. 
The difference of the work function between the energetically best flat-lying and upright standing TCNE polymorph 
amounts to ~3000 meV. However, the variability within the standing polymorph candidates is also ~1400 meV, and 
thus much higher than for all the lying systems.  
 
Figure 2: Visualization of the change in work function for all theoretical polymorph candidates used throughout this 
study with respect to (a) adsorption energy per molecule and (b) to the surface energy with a chemical potential taken 
at T=0 K. The horizontal lines serve as markers indicating training points which were evaluated with DFT. 
These work function variabilities are directly related to the molecular structures and orientations. Naphthalene in-
teracts only weakly with the surface, with a positive net charge being associated to each molecule upon adsorption 
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on the surface due to Pauli repulsion (compare Supporting Section 3). Therefore, already the energetically most 
favorable polymorphs show the full WF variability of 0.4 eV. TCNE and the acenequinones undergo a charge-
transfer reaction on the surface which pins their lowest unoccupied molecular orbitals to the Fermi level of the 
metal (also shown in Figure S3). This charge transfer compensates all dipolar contributions between the molecular 
backbone and the surface.22 As long as there are no remaining dipolar contributions “above” the molecular back-
bone, the transferred charge between substrate and molecule will adjust itself such that the overall surface dipole, 
and connected to that the work function, stays overall constant for energetically feasible candidates. We find that 
this holds independent of the molecular coverage (within certain limitations). 
The standing TCNE also undergoes a charge transfer reaction, but with standing molecules there is a leftover net 
dipole due to the CN-groups at the molecular periphery pointing upwards from the molecular backbone. These 
(surface) dipoles are the main contributors to the work function jump of 3 eV upon standing up. They also explain 
the strong variability, as the resulting work function depends heavily on the density of those additional dipoles (and 
thus heavily on the coverage), while at the same time there are many polymorph candidates with different cover-
ages, but similar adsorption energies (see Figure 3e top). 
All the polymorphs indicated in Figure 2 are possible candidates for kinetically trapped phases, thus the overall 
possible spread of work functions to be obtained for kinetically trapped phases is determined by the total variability 
of work functions. We are, however, also interested in the most probable work function for monolayers in thermo-
dynamic equilibrium. 
Below monolayer coverage, the polymorphs with the most favorable adsorption energies per molecule Eads will 
form. For molecules with attractive intermolecular interactions this can lead to ordered islands while purely repul-
sive interactions may lead to a maximization of the intermolecular distances on the surface. When the deposition 
approaches full monolayer coverage, the molecules will try to optimize the Gibbs free energy of adsorption γ. We 
can calculate 𝛾 employing ab-initio thermodynamics.23 While doing this, we neglect contributions of the mechani-
cal work, the configuration entropy and the vibration enthalpy, as is commonly done in literature23,24 (details in 
Methodology). This approach leads to 
𝛾𝑖   = (Ei
ads − μ(T, p))/Ai                                             (2) 
Here, μ(T, p) is the chemical potential of the molecules in gas phase at a specific temperature and pressure. Ai 
represents the area per molecule for each separate polymorph candidate. Within this approximation, the temperature 
dependence is introduced via the chemical potential of the molecules in gas phase. Note that we define Eads and 
μ(T) both in terms of energy per molecule, which makes those values independent of the number of molecules per 
unit cell. 
This representation makes clear that in order to understand the work function change in dependence of temperature 
and pressure, we need to understand the energetic favorability of polymorph candidates with different areas at 
different temperatures. This is shown in Figure 3 (other forms of representing this data are shown in Figure S1 and 
S2). The top column of Figure 3 visualizes Ei
ads in relation to the area per molecule Ai. We find that naphthalene 
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exhibits its energetically most favorable polymorph at the lowest-density used in this study (details in 
Methodology), indicating that the most favorable coverage at a submonolayer regime would be even lower than 
what we consider here. For all other systems, the energetically most favorable polymorphs lie within the considered 
area ranges. This, together with the fact that the systems exhibit mainly attractive intermolecular interactions (for 
details see the previous publications), indicates that the systems would form molecular islands below monolayer 
coverage. 
Figure 3: Visualization of the adsorption energy and the Gibbs free energy of adsorption for all investigated systems at 
different temperatures. The colored line is a guide to the eye, connecting the energetically most favorable polymorphs 
at each area. The shaded areas indicate areas with a probability of 1/10 (dark shading) or 1/100 (lighter shading) relative 
to the Boltzmann probability of the best polymorph at that temperature and a pressure of 10-7 Pa. 
Figure 3 further shows the influence of temperature on the Gibbs free energy of adsorption for all polymorph 
candidates. The filled areas indicate energy ranges which have a notable probability of being being occupied at the 
corresponding temperatues (details in Methodology). At low temperatures, the energetically best polymorphs are 
located at small areas, i.e. densely packed. Even naphthalene, with its purely repulsive interactions, shows a dense 
packing at monolayer coverage. With increasing temperature, polymorphs with looser packing (larger area) become 
energetically more stable compared to their dense counterparts. Consequently, for naphthalene looser packed 
structures become the energetically most favorable. For the acenequinones, the transition to loose packed structures 
happens at higher temperatures, which are often beyond the desorption limit (𝛾 = 0), indicated in Figure 3 with a 
dashed line. For TCNE, at low temperatures the standing phase is energetically more favorable than any lying 
polymorph. When increasing the temperature to approximately 250 K, the flat phase starts to become the 
energetically more favorable one. This is a clear indication for a phase transition from standing to lying, more on 
this later in the manuscript. 
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Having the Gibbs free energy of adsorption as an energetic measure to quantify the polymorphs’ stabilities at 
increased temperatures, we can ask the question: How will the expected work function change with changing 
temperature. For this question we utilize the following theoretical experiment: A macroscopic Ag(111) sample is 
placed inside an ultra high vacuum chamber with a constant pressure of 10-9 mbar (10-7 Pa). We deposit adsorbate 
molecules at a low temperature such that a full monolayer is formed and a gas phase reservoir of molecules forms. 
The chemical potential of the molecules in gas phase 𝜇(𝑇, 𝑝) is evaluated via ab initio thermodynamics and 
independent of the number of molecules in gas phase. In this experiment, at one Kelvin the energetic contribution 
of μ can be neglected, thus only the polymorph which is energetically most favorable in terms of energy per area 
will form (if there are multiple energetically degenerate polymorphs, there might be an equivalent mixture of all of 
them). Increasing the temperature in this experiment will (i) increase the contribution of μ to the Gibbs free energy 
of adsorption and (ii) allow energetically less favorable polymorphs to be occupied due to thermal occupation. We 
note that this theoretical experiment will possibly allow for more polymorphs on the surface than real thin film 
deposition experiments as we assume full thermodynamic equilibrium (with infinite equilibration time) which is 
almost never reached experimentally. Additionally we ignore energies of grain boundaries which would otherwise 
also play a role for the polymorph formation.  
Figure 4 visualizes the evolution of the work function when changing the temperature in this hypothetical 
experiment. For the visualization, we calculated the weights for each polmorph at each temperature. To account for 
theoretical uncertainties, we modelled the work function of each polymorph as a gaussian distribution, centered at 
the polymorph’s work function with a standard deviation of 10 meV (which roughly corresponds to the prediction 
uncertainties of our machine-learning approach). The work function distribution (indicated with shaded curves) is 
a sum of all those polymorph contributions weighted by their corresponding Boltzmann weights where the empty 
surface is included as a separate polymorph with an effective 𝛾 of zero (see Methodology for details). When 
approaching temperatures close to the desorption limit (i.e. when the other polymorphs approach γ=0, compare also 
to Figure 3) the free surface becomes thermodynamically stable. At temperatures higher than the desorption 
temperature, only this free-surface polymorph remains. To increase the visibility of low-weight areas we also show 
the distribution on a logarithmic scale (dashed line). The mean and standard deviation of this probability distribution 
are then indicated via horizontal error bars. For a clearer distinction, the distributions are color coded the same as 
Figure 2 while the free-substrate polymorph is colored according to its corresponding substrate. 
For all systems, at low temperatures, only a single or a few polymorph candidates contribute notably to the mean 
work function. With increasing temperatures, more and more polymorph candidates (with different workfunctions) 
reach appreciable Boltzmann weights and contribute to the expected work function (distribution). For the 
acenequinones, the work function uncertainty is small, up to the point of desorption where a mixture with the free-
surface state leads to a stronger change in work function. The desorption energy increases with increasing molecule 
size, as expected.  
The work function of naphthalene slightly drifts towards higher values for higher temperatures. To explain this, let 
us briefly reconsider the cause of the work function change when depositing naphthalene on the Cu surface. When 
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these molecules adsorb on the surface, Pauli pushback leads to an effective dipole for each molecule. A change in 
molecular density on the surface will therefore lead to a reduction of this dipole density and, connected to that, a 
reduction of the work function change. Figure 3a) shows that increasing the temperature for naphthalene leads to 
an increase in the mean area of the best polymorphs which explains the slight drift towards higher work functions 
(which is equivalent to a reduction in work function change) at higher temperatures. This effect is small because 
the work function variability is comparatively small.  
 
Figure 4: Expected work functions for all investigated systems at different temperatures for a molecular background 
pressure of 10-9 mbar. The horizontal error bars show the expected work functions and uncertainties at specific 
temperatures. The shadowed curves indicate the probability distributions obtained by representing each contributing 
polymorph (small vertical lines) via a gaussian distribution and adding up their contributions weighted by the 
corresponding Boltzmann weights. The standard deviations of the Gaussians were chosen to be 10 meV. To increase the 
visibility of low probabilities, the distributions are also plotted on a logarithmic scale (dashed lines). The free-area 
polymorphs are indicated with the corresponding substrate color and a dashed vertical line showing the work function 
of the free surface.  
For TCNE we here combine the polymorphs of the lying and the standing systems to get a full picture of the work 
function evolution. At low temperatures, the standing phases have a more negative Gibbs free energy of adsorption 
and therefore dominate the work function. When increasing the temperature, the occupied polymorphs change from 
upright standing to flat lying, causing a large, abrupt work function change. The variability of work functions within 
the standing polymorph, however, is here by no means comparable to the one shown in Figure 2. Before standing 
polymorphs with lower density (and corrrespondingly lower dipole density and work function change) could be 
occupied, the phase transition to the lying molecules occurs. The reason for this is that the free energies of the lying 
polymorphs become more favorable than those of the standing ones at around 250 K. The stability of the lying 
polymorphs is in a temperature range where a large variability in unit cell areas would be possible, but due to the 
pinning of the molecular orbital to the metal’s Fermi level this does not induce changes in the work function 
(compare to Figure S2). 
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To conclude, in this work we examined the influence of surface polymorphism on the work function change of 
three distinct model systems: (i) the almost non-interacting conjugated naphthalene molecule on a Cu(111) surface, 
(ii) three acenequinones with increasing size which all undergo charge-transfer reactions on a Ag(111) surface and 
(iii) TCNE which also undergoes a charge transfer reaction on the Cu(111) surface, but also exhibits a phase tran-
sition from flat lying to upright standing molecules. We used the SAMPLE framework to predict work functions 
and adsorption energies for millions of possible polymorphs of all the investigated systems. 
For an estimation of possible work functions of kinetically trapped phases, we evaluated the overall variability of 
work function for all systems. This variability amounted to only a few hundred meV for all flat lying systems, 
despite different interaction mechanisms on the surface and despite the different coverages of the different poly-
morphs. A large variability could only be obtained for the standing TCNE. Here, a variability of ~1400 meV due to 
the strong molecular dipoles is observed. 
Ab-initio thermodynamics in combination with Boltzmann occupation allowed us to simulate the expected work 
functions in thermodynamic equilibrium at different temperatures. In this situation, naphthalene shows a slight drift 
in work function due to its shift towards looser packed polymorphs at higher temperatures. The acenequinones stay 
at a rather fixed work function, caused by their pinning to them metal’s Fermi level, up until desorption. For TCNE, 
two temperature-dependent phase transitions occur that lead to strong shifts in work function with low variability 
in the areas where either the lying or the standing polymorphs are dominant. 
Overall, this thorough investigation indicates that kinetically trapped polymorphs can exhibit substantial work 
function changes, while the work function in thermodynamic equilibrium is rather uninfluenced by the overall work 
function variability present for the organic/metal interface. The thermal occupation of multiple polymorphs thereby 
still imposes an intrinsic uncertainty on the work function due to the underlying polymorphic behavior of the 
interface system. 
METHODS 
Performing a full structure search for a molecule-substrate combination is a computationally very demanding task 
that involves calculating a few hundred polymorph candidates with density functional theory (DFT). Therefore, we 
here reuse calculations which were initially performed to determine the adsorption energies of energetically bene-
ficial polymorphs. The calculations for all systems were performed with the FHI-aims package.25 All calculations 
employed the exchange-correlation functional PBE26 in combination with the TSsurf correction27,28 to account for 
long-range dispersion interactions. All adsorption energies were converged to a methodological uncertainty below 
20 meV per adsorbate molecule. For further calculation details see the methodology of the initial publications.18,19,29 
All calculations used in this publication are available via the NOMAD repository.30–34 
Within this work, we define the adsorption energy as 𝐸𝑎𝑑𝑠 = 𝐸𝑠𝑦𝑠 − 𝐸𝑠𝑢𝑏 − 𝐸𝑚𝑜𝑙 where 𝐸𝑠𝑦𝑠 is the energy of the 
combined system, 𝐸𝑚𝑜𝑙 the energy of a molecule in the gas phase, and 𝐸𝑠𝑢𝑏 the energy of the pristine metal slab. 
Negative values of 𝐸𝑎𝑑𝑠 denote energy gain upon adsorption. 
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The SAMPLE15 approach takes the surface atom positions in a given unit cell as a discrete grid and generates all 
combinations of building blocks at all possible positions within the unit cell and then removes colliding structures. 
The hyper parameters of the energy prediction are identical to the original publications. For the prediction of elec-
trostatic properties, we, of course, needed to change some of those hyper parameters while still using the same 
calculations as for the predictions of the adsorption energy. Details of the parameters chosen can be found in Table 
S1 and Table S2 of the Supporting Information. 
The area ranges chosen for the creation of possible polymorps are limited by two factors: The lower limit indicates 
the maximum density that is possible without large repulsive interactions (due to Pauli repulsion). The upper limit 
is given by the number of polymorph candidates we can comprehensively consider in the SAMPLE approach, as 
the possible polymorphs grow exponentially with the free area available per molecule. The previous works on the 
investigates systems, however, indicate that all relevant polymorphs are covered within the respective area limits. 
The uncertainties of the work functions evaluated via leave one out cross validation (LOOCV) are 13 meV for B2O, 
8 meV for A2O, 20 meV for P2O 12 meV for TCNE flat, 55 meV for TCNE standing and 13 meV for Naphthalene.  
For the calculation of the Gibbs free energy of adsorption γ we employed ab initio thermodynamics.23 Thereby we 
neglected contributions of the mechanical work, the configuration entropy and the vibration enthalpy as is com-
monly done in literature.23,24 We acknowledge that the vibrational entropy can play a role when directly comparing 
stabilities of systems with strongly varying molecule-surface interactions. For our systems this would only be rel-
evant when directly comparing the lying and standing TCNE configurations, which has been done elsewhere.19 For 
further details of our ab-initio thermodynamics approach see 29. 
To model thermal occupation, we assume a grand canonical ensemble where the temperature, pressure and sample 
area 𝐴𝑆 are fixed. Within that ensemble, the mean area occupied by a single molecule would be ?̅? =  
𝐴𝑆
𝑁
 with the 
(variable) number of adsorbed molecules denoted as 𝑁. Within this ensemble, each micro state represents a single 
polymorph occupying the surface. The total energy gain of a single polymorph occupying the whole sample surface 
would be 𝐸𝑖
𝑆 =  𝛾𝑖 ∗ 𝐴𝑆 which is equivalent to 𝐸𝑖




=  𝛾𝑖 ∗ ?̅?,which is 
the energy it takes a polymorph to occupy the mean area ?̅? which can also be written as ?̅? = ∑ 𝑝𝑖𝐴𝑖𝑖 . The resulting 









                                             (3) 
And the mean work function then simply reads 
〈𝜙〉 = ∑ 𝑝𝑖  𝜙𝑖
𝑖
                                            (4) 
As ?̅? itself depends on the obtained Boltzmann probabilities, it can not be calculated a priori, but needs to be 
optimized (this is equivalent to the idea of minimizing the total energy by optimizing the number of molecules 𝑁on 
the surface). Currently, we estimate ?̅? with the area of the polymorph with the best 𝛾𝑖 for each temperature. This is 
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a justified approximation as the area differences between energetically favorable polymorphs are rather small 
(compare Figure 3) and the best polymorph will have the largest Boltzmann weight. 
Additionally, we model the free surface as a “quasi-polymorph” without molecules. This polymorph has an area of 
?̅? and an energy of 𝜇, resulting in a 𝛾 of zero. At low temperatures, this free-substrate polymorph does not play any 
role for the effective work function of the system.  
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Supporting Section 1: Hyperparameters Used for the SAMPLE Approach 
For the SAMPLE approach several hyperparameters are necessary. All of those hyperparameters were varied sys-
tematically to maximize the log-likelihood in the Bayesian linear regression formalism. Table S1 contains all opti-
mized hyperparameters used for the prediction of the work function change. The hyper parameters for the prediction 
of the adsorption energies are the same as for the original publications and are here listed in Table S2. For TCNE 
and Naphthalene a single atomic species determines the minimum distances between the molecules interacting on 
the surface, thus a single minimum distance threshold is sufficient. For the acenequinones this is not the case and 
so multiple minimum distances between different species need to be defined. 
Table S1: Hyperparameters of the SAMPLE approach used to predict the work function change 




Single body uncertainty 0.3 eV 0.3 eV 0.3 eV 0.3 eV 1 eV 0.5 eV 
Two-body uncertainty 0.1 eV 0.1 eV 0.1 eV 0.1 eV 0.1 eV 0.05 eV 
DFT data uncertainty 0.01 eV 0.01 eV 0.01 eV 0.01 eV 0.01 eV 0.02 eV 
Decay length 6 Å 5 Å 10 Å 2 Å 2 Å 2 Å 
Decay power 2 2 2 2 Å 2 Å 1 Å 
Decay length feature space 12 9 5 12 12 25 
Feature threshold 0.01 0.01 0.01 0.02 0.02 0.02 
Minimal distance threshold O↔H: 1.6 Å; O↔O: 2.4 Å, H↔H: 1.6 Å 
C↔H: 2.3 Å, C↔O: 2.5 Å 
2.6 Å 1.6 Å 
 
Table S2: Hyperparameters of the SAMPLE approach used to predict the adsorption energies 




Single body uncertainty 0.1 eV 0.1 eV 0.1 eV 0.5 eV 0.5 eV 0.1 eV 
Two-body uncertainty 0.3 eV 0.3 eV 0.3 eV 0.2 eV 0.2 eV 0.1 eV 
DFT data uncertainty 0.005 eV 0.005 eV 0.005 eV 0.01 eV 0.01 eV 0.005 eV 
13 
Decay length 5 Å 5 Å 10 Å 1 Å 2 Å 5 Å 
Decay power 3 3 3 3 3 2 
Decay length feature space 12 9 5 12 1 10 
Feature threshold 0.075 0.075 0.01 0.02 0.02 0.01 
Minimal distance threshold O↔H: 1.6 Å; O↔O: 2.4 Å, H↔H: 1.6 Å 
C↔H: 2.3 Å, C↔O: 2.5 Å 
2.6 Å 1.6 Å 
 
Supporting Section 2: Temperature Dependence of the Work Function for all Polymorphs 
Figure 2 visualizes the adsorption energy per molecule with respect to the work function. Figure 3 shows the Gibbs 
free energy in dependence of the area per molecule and temperature. In Figure S1 and S2 we employ two additional 
visualizations to give an even more thorough insight into the polymorphic behavior. Figure S1 visualizes the work 
function in dependence of 𝛾 and the temperature for a gas pressure of 10-7 Pa, indicating the changes in work 
function distributions at different temperatures. 
 
Figure S1: Visualization of the relation between work function and γ at a pressure of 10-7 Pa and different temperatures 
Figure S2 takes the information of Figure 1, but adds the dependence of the work function and energy on the area, 
all of that at zero Kelvin. In this figure, the left half of each data point represents Eads and the right half 𝛾(𝑇 = 0).  
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Figure S2: Visualization of the work function spread as a function of the coverage. Each dot represents a polymorph 
candidate. The color of the left half indicates the adsorption energy while the color of the right half indicates the Gibbs 
free energy at T=0 K 
Supporting Section 3: Charge Transfer Reactions of the Investigated Systems 
The molecules used in this study undergo different charge transfer reactions upon adsorption on the surface. To 
qualitatively analyze the reactions at play, we performed a molecular orbital projected density of states (MODOS) 
calculation for one energetically beneficial polymorph candidate for each of our systems. We expect all polymorph 
candidates of each separate system to undergo qualitatively very similar reactions on the surface, thus we chose the 
energetically most beneficial polymorph with up to two molecules per unit cell (to stay within reasonable compu-
tational bounds). If the polymorph chosen with this approach contains more than one molecule, the respective 
molecular orbitals were summed to allow for an easy comparison between the systems (i.e. 𝐿𝑈𝑀𝑂 = 𝐿𝑈𝑀𝑂𝑚𝑜𝑙1 +
𝐿𝑈𝑀𝑂𝑚𝑜𝑙2 , etc.). Figure S3 shows that all molecules except Naphthalene are negatively charged upon adsorption 
on the surface (Δ𝑛 < 0𝑒) and the respective LUMO is partly filled, indicating Fermi level pinning. Unfortunately, 
the MODOS calculation of P2O did not finish before submission of this manuscript. Due to the chemical similarity 
to B2O and A2O we do however expect qualitatively the same behavior as for those two. 
15 
Figure S3: Molecular orbital projected density of states (MODOS) for representative, energetically beneficial poly-
morphs, of all systems (except P2O). The right column indicates the geometries and unit cells of the polymorph candi-
dates used to calculate the MODOS. Whenever more than one molecule is present in the system, their respective orbitals 
are summed to obtain one combined “monolayer orbital” (HOMO, LUMO, etc.). 𝚫𝒏 indicates the charge that is trans-
ferred between the molecule and the substrate upon adsorption on the surface. 
